Introduction
Acetaminophen (N-acetyl-p-aminophenol; APAP) has analgesic and antipyretic effects, and is widely used to treat pain and fever. 1 Although APAP produces fewer side-effects than aspirin in therapeutic doses, skin rashes and other allergic reactions occur occasionally. 2 In addition, it is known that APAP is associated with lethal hepatic necrosis and renal failure in cases of over-dosage. 3, 4 Therefore, a simple and rapid method is required for monitoring the APAP level in biological samples to predict hepatic necrosis and eventual outcome in acute APAP over-dosage.
Currently, the concentration of APAP in blood is measured by fluorescence polarization immunoassay. 5 It requires repeated venipunctures for collecting serum from patients and a very expensive reagent for routine analyses, although this method is fairly simple and precise. Several methods based on highperformance liquid chromatography (HPLC) with ultraviolet detection for the determination of APAP have been reported, [6] [7] [8] but these methods are not satisfactory because of low sensitivity and relatively tedious clean-up procedures, such as liquid-liquid extraction. Therefore, we focused on developing a simpler and more sensitive HPLC method for APAP assay by using a fluorescence derivatization reagent and injecting a biological sample directly onto an HPLC column without conventional extraction procedures.
Since there is a report that the concentration of APAP in plasma corresponds well to that in saliva, 9 we decided to examine the HPLC method using saliva as viable body fluids, which can be collected by a non-invasive method.
A large number of fluorescence derivatization reagents for the determination of phenolic hydroxyl groups in HPLC have been reported: e.g., 5-dimethylaminonaphthalene-1-sulfonyl chloride, 10 1-ethoxy-4-(dichloro-s-triazinyl)naphthalene, 11 4-dimethylaminonaphthalene-1-carbonitrile, 12 1-anthronitrile, 13 9-anthronitrile, 13 pyrene-1-carbonitrile, 14 1-pyrenesulfonyl chloride, 15 4-(N-phthalimidinyl)benzenesulfonyl chloride, 16 and 2-(4-carboxyphenyl)-5,6-dimethylbenzimidazole. 17 However, no data have been reported for the determination of APAP. Almost dried solvents are required for these fluorescence derivatization reactions, because they have been shown to rapidly decompose with water.
In previous research, we originally developed 12-
]-thiazolidine as precolumn derivatization reagents for phenols, and successfully applied them to the HPLC determination of estrogens 18 and bisphenols, 19 respectively. These reagents reacted with phenols even in aqueous solution. However, both reagents were not available for the determination of APAP, because separation of the derivative of APAP and the reagent blank peaks was not achieved.
In this study, we prepared a new derivatization reagent, ,3] thiazolidine (DTBBIT), which introduced the benzothiazolidine ring into the benz[f]isoindole skeleton. DTBBIT readily reacts with APAP in aqueous dimethylsulfoxide (DMSO) solution in the presence of NaOH at room temperature to produce intense fluorescence (Fig. 1) . The structure of DTBBIT-labeled derivative of APAP was confirmed by HPLC with mass spectrometry (HPLC-MS). Furthermore, the APAP concentrations in saliva from a healthy volunteer after an oral administration of APAP were measured by an established method using bis(4-hydroxyphenyl)methane (bisphenol F) as an internal standard (IS). The resulting derivative of acetaminophen is separated by isocratic elution on a reversed-phase column, and is fluorometrically detected at an emission wavelength of 560 nm with an excitation wavelength of 540 nm. The detection limit (signal-to-noise ratio = 3) was 0.1 µg/mL in saliva. The proposed method permits a highly sensitive and simple determination of acetaminophen in a small amount of saliva without any sample purification.
Experimental

Chemicals and solutions
All chemicals and solvents were of the highest purity available, and were used as received. Distilled water, purified with a Milli-QII system (Millipore, Milford, MA, USA), was used to prepare all aqueous solutions. APAP and bisphenol F were purchased from Tokyo Kasei Organic Chemicals (Tokyo, Japan) and Aldrich (St. Louis, MO, USA), respectively. Stock solutions of APAP (1.3 mM) and bisphenol F (0.5 mM) were prepared in water and aqueous 20 mM NaOH, respectively, and were diluted further with respective solvents to give the required concentrations before use. A DTBBIT solution (80 µM) was prepared in DMSO just before use.
Apparatus
A Jasco (Tokyo, Japan) PU-980 high-performance liquidchromatograph pump equipped with a Rheodyne (Cotati, CA, USA) 7125 syringe-loading sample injector valve (20 µL loop), a Jasco DG-2080-54 online-degassor, and a Hitachi (Tokyo, Japan) L-7480 fluorescence detector fitted with a 15 µL flowcell were used. The detector signals were recorded on a Hitachi D-2500 Chromato-Integrator. Separations were performed using a TSKgel ODS-80TM column (250 × 4.6 mm i.d., particle size 5 µm; Tosoh, Tokyo, Japan) with a TSKgel ODS-80TM guard-column (15 × 3.2 mm i.d., particle size 5 µm, Tosoh). Methanol degassed with ultra-sonication under a vacuum was used as a mobile phase at a flow rate of 1.0 mL/min. The derivatives were fluorometrically detected at an excitation wavelength of 540 nm and an emission wavelength of 560 nm. The column temperature was ambient (20 -25˚C).
Synthesis of DTBBIT
o-Aminothiophenol (60 µL) was added to a stirred solution of 2,3-naphthalenedialdehyde (100 mg) in anhydrous tetrahydrofuran (3 mL). Immediately, a solution of cyanuric chloride (130 mg) in tetrahydrofuran (2 mL) was poured into the solution. After stirring for 1 h at room temperature, the precipitate was collected and suspended in 200 mL of chloroform. The precipitate was filtered off, and the filtrate was evaporated to ca. 10 mL under reduced pressure. The residue was chromatographed on a silica gel column (9 × 5 cm i.d., 70 -230 mesh, ca. 80 g; Kishida Chemical, Osaka, Japan) with chloroform as an eluent. The main fraction was evaporated to dryness in vacuo. The residue was purified by precipitation from a concentrated chloroform solution by the dropwise addition of methanol, followed by drying under reduced pressure to yield 10.7 mg of DTBBIT as dark pale-red powders (mp > 300˚C). Anal. Calcd. for C21H10Cl2N4S·1/2H2O: C 59.87%, H 2.39%, N 13.30%; found: C 58.86%, H 2.63%, N 12.77%.
EI-MS, m/z: 420 (M + , base peak); calculated as C21H10Cl2N4S.
DTBBIT was stable for at least 2 years in the crystalline state in a light-protected desiccator.
Saliva samples
Saliva samples were collected from a healthy male volunteer (48 years old, 60 kg), before and at 10, 20, 30, 40, 50, 60, 80, 100, and 120 min after the administration of a 200 mg single oral dose of APAP with 100 mL water. He understood the purpose and the importance of the experiments, and took the drug of his own free will. Just before sample collection time, the mouth was washed thoroughly, and any saliva deposits were discarded. Saliva (ca. 0.5 mL) was collected for 2 min at the collection time by moving the mouth and tongue continuously. The collected saliva samples (0.2 mL) were immediately centrifuged at 5200g for 3 min to remove any mucosal tissue debris. The separated saliva samples were stored at -20˚C until analysis.
Standard curve
A standard curve was prepared by injecting various concentrations (0.5, 1.0, 2.0, 5.0, 10, and 20 µg/mL saliva) of APAP in drug-free saliva and constructing a linear curve of APAP/IS peak-height ratio vs. concentration. Bisphenol F was chosen as an IS because it was not found in saliva and had a retention time suitable for this assay.
Derivatization procedure
To 10 µL of a saliva sample, 20 µL of 5 µM bisphenol F and 100 µL of 80 µM DTBBIT were added. After mixing at room temperature for 5 s, 20 µL of 52 mM acetic acid was added, and the components were thoroughly mixed. Then, 20 µL of the final solution was injected into the HPLC apparatus.
Reaction product from APAP
The structure of the DTBBIT derivative from APAP was confirmed by HPLC-MS data. The HPLC-MS was measured with a Jasco PU-980 high-performance liquid-chromatograph pump and a Finnigan (San Jose, CA, USA) LCQ mass spectrometer equipped with an atmospheric pressure chemical ionization (APCI) interface. Other separation conditions were the same as described in the previous section. The effluent from the HPLC column was directly introduced to the HPLC-MS interface without splitting. APCI-MS (retention time, 7.6 ± 0.2 min), m/z: 536.1 (M + , base peak); calculated as C29H18ClN5O2S.
Results and Discussion
HPLC and derivatization conditions
The best separation of the DTBBIT derivatives of APAP and bisphenol F (IS), and reagent blank components was achieved 1122 ANALYTICAL SCIENCES SEPTEMBER 2005, VOL. 21 on a TSKgel ODS-80TM reversed-phase column with methanol as a mobile phase. Figures 2A and B illustrate typical chromatograms of drug-free saliva (without IS addition) and saliva after the administration of APAP, respectively. No interfering peaks arose in drug-free saliva around the retention time of the APAP and IS. APAP and IS gave respective single peaks, and all of the peaks were completely separated and eluted within 20 min. Because the reaction solution with saliva was directly injected into the column, the appropriate guardcolumn was inserted in order to obviate rapid column degeneration.
The derivatization reaction of APAP and IS with DTBBIT apparently occurred at room temperature, and their peak heights were almost maximal in spite of the standing time. The optimum conditions for the determination of APAP were examined concerning the concentrations of DTBBIT and NaOH, the kind of water-miscible organic solvents, and the reaction temperature and time; the conditions described in the Experimental section were selected. The derivatization reaction proceeded even in the presence of water. No decreases were observed in the peak heights of the products in the final solution after 1 h based on a time-course study. The activity of DTBBIT in DMSO showed no loss for at least 8 h at room temperature in the dark.
Determination of APAP in saliva
The precision was established by repeated determinations (n = 5) using a blank saliva spiked with APAP (10 µg/mL); the relative standard deviation was 2.67%. The calibration curve of APAP in saliva showed a linear relationship between the peak heights and the concentrations (0.5 -20 µg/mL); the linear correlation coefficient was 0.9984. The detection limit for APAP in saliva was 0.1 µg/mL at a signal-to-noise ratio of 3. The detectability was about 5-times better than that of ultraviolet detection. 3 Other phenolic compounds, such as bisphenol A, bisphenol B, bisphenol E, bisphenol AP, bisphenol P, hexestrol, diethylstilbestrol (a metabolite of anticancer agent, fosfestrol), 4-tert-octylphenol, 4-n-octyloxyphenol, 4-ethylphenol, resveratol, estriol, β-estradiol, and estrone, reacted with DTBBIT under the described derivatization conditions to produce the corresponding fluorescent derivatives. However, these compounds did not interfere with either the detection or the separation of the peaks for APAP and IS, because DTBBIT derivatives of the compounds were not eluted within 30 min under the recommended HPLC conditions. Hydrophilic phenols, on the other hand, such as serotonin, L-tyrosine, and tyramine, were co-eluted with reagent blanks.
In order to evaluate the proposed method for clinical use, it was applied to monitoring the APAP concentrations in saliva samples obtained after a single oral dose of APAP (200 mg). Figure 3 shows the time-concentration curve obtained by the saliva samples. The concentrations of APAP reached the maximum at 50 min after oral administration, and then gradually decreased. The pattern of the curve was almost identical to those obtained by other researchers. 9 
Conclusion
The newly designed reagent, DTBBIT, was easily synthesized by a single-step reaction, and is recommended for the determination of APAP due to its good reactivity, excellent fluorescent characteristic, and high sensitivity. One of the great advantages of this novel method is its simplicity, and that the method permits direct sample injection without prior sample purification. The procedure is rapid enough for use on an emergency basis in cases of over-dosage. In principle, this analytical procedure is found to be well applicable to automate an analyzer. ANALYTICAL SCIENCES SEPTEMBER 2005, VOL. 21 
